Introduction
Because of their similar routes of transmission 15-30% (150 000-300 000) of those infected with HIV in the United States are also co-infected with the hepatitis C virus (HCV). 1 Similar rates of co-infection have been reported in Western Europe. The prevalence of anti-HCV antibodies depends on the risk factors for HCV infection, being <10% in homosexual men to >80% in those with history of injection drug use (IDU). 1 In immunocompetent subjects, chronic HCV infection takes an indolent course with 20% eventually developing cirrhosis after 20 years of infection. 2 The immunosuppression induced by HIV accelerates the natural history of HCV-related liver disease, and co-infected patients are 2-to 3-fold more likely to develop cirrhosis. 3 Liver disease from chronic hepatitis C is therefore increasingly being recognized as an important cause of morbidity and mortality in the co-infected cohort. 4 This is especially true in the post-highly active antiretroviral therapy (HAART) era because of improved survival of HIV-infected individuals. However, the effects of HAART on the liver are complex. On the one hand, 6-30% of those prescribed HAART can develop hepatotoxicity and co-infection with HCV does increase the risk of HAART hepatotoxicity 2-fold. 5 On the other hand, recent data do suggest that HAART is associated with a reduction in liverrelated mortality in the co-infected cohort, 6, 7 though effects on hepatic fibrosis remain controversial (Table 1) . [8] [9] [10] [11] [12] [13] [14] [15] [16] Impact of HAART on liver fibrosis in HIV/HCV patients There are a number of potential pitfalls in analysing studies designed to assess liver fibrosis in HIV/HCV co-infected subjects. One of the main shortcomings of biopsy-based studies is that patients who do not undergo biopsy are excluded from further analysis thereby introducing a selection bias. Second, nearly all of these studies [8] [9] [10] [11] [12] [13] [14] [15] [16] (Table 1) have been retrospective, thereby making it difficult to accurately document alcohol consumption history and time of HCV acquisition. Third, since serial biopsies are not available, the observed stage of hepatic fibrosis may in fact have been reached many years before the single point assessment. Hence we may actually underestimate the fibrosis progression rate (FPR) (which is calculated by dividing fibrosis stage by HCV disease duration). 17 Furthermore, this calculation assumes that fibrosis progression is linear which is a flawed assumption, since the FPR increases with age and the severity of the underlying fibrosis. 18, 19 This means that an individual will take longer to progress from stage 1 to stage 2 fibrosis than to advance from stage 3 to stage 4 fibrosis. In those with HIV/HCV co-infection this issue is more complicated as these patients are likely to have different FPRs depending on when they acquired the HCV in relation to the HIV and when HAART was initiated. Co-infected subjects with a history of IDU (which is the most common risk factor) probably acquired HCV years before HIV. 20 Data given as mean unless indicated by '*' (median). CD4 counts given as median unless indicated by '**' (mean). BMI, body mass index; NI, necroinflammation; NVP, nevirapine; PI, protease inhibitor; N/A, not available; UD, undetectable. Alcohol use: in most studies this was defined as >40-50 g/day.
Leading article 497 JAC antiviral HIV acquisition they will undoubtedly have a faster FPR until immune restoration is achieved with antiretroviral therapy (ART). Fourth, HIV/HCV co-infected subjects are a very heterogeneous group as regards age, alcohol consumption, ethnicity, CD4 counts and HIV viral load (VL) (all of which can impact fibrosis), [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 21 so studies are not necessarily comparable (Table 1) . Furthermore, very few studies have actually assessed FPR by stratifying according to CD4 counts and HIV VL. Finally, in prior studies it was unclear whether those who received HAART did so at onset as a sole form of therapy or initially received nucleoside reverse transcriptase inhibitors (NRTIs) and subsequently switched to HAART after 1996. It therefore comes as no surprise that these studies have reported such discordant results (Table 1) . Two recently published studies have tried to address some of these issues, though both were retrospective and did not include patients with serial liver biopsies. 15, 16 The first one from our unit 16 compared 85 HIV/HCV co-infected subjects with 296 HCV mono-infected patients (Group 1) over a 10 year period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . We were therefore able to stratify the co-infected subjects (depending on availability or not of drugs) into three groups: Group 2 received either no therapy or only NRTIs, Group 3 received only HAART as their HIV infections were diagnosed after 1996 (HAART only group) and Group 4 initially received NRTIs and were subsequently switched to HAART after 1996 (sequential therapy group). In Group 2, nine patients had received no ART, of whom two were long-term nonprogressors. Groups 2-4 were well matched as regards age, HCV disease duration, alcohol consumption, body mass index (BMI) and HIV parameters. The time from HIV diagnosis to HAART initiation was significantly shorter in Group 3 compared with Group 4 (9.1 versus 34.1 months, P < 0.0001). As is evident from Table 2 , those in the HAART only group had similar HCVrelated disease severity compared with HCV mono-infected subjects. However Groups 2 and 4 had significantly more advanced disease as regards fibrosis stage (P < 0.0009), FPR (P < 0.0001), necroinflammation (NI) (P < 0.0001) and prevalence of cirrhosis (P < 0.006). Figure 1 shows the probability of developing cirrhosis in the four groups. After 25 years of HCV infection, the probability of developing cirrhosis in Groups 1 and 3 were again similar (16% versus 24%) though Groups 2 and 4 had a significantly higher probability (72% and 38%, P < 0.0001). The probability of developing cirrhosis was also lower in Group 3 compared with Group 2 (P = 0.01). Group 4 subjects had also received HAART (for a mean of 3.9 years versus 3.3 years for Group 3), but because of the delay between HIV diagnosis and HAART initiation, Group 3 had better immune reconstitution compared with Group 4, which may have contributed to the slower FPR in Group 3. However, neither the CD4 count nor the HIV VL were independent predictors of advanced hepatic fibrosis in this study. The second and one of the largest studies to date was the multicentre study by Brau and colleagues. 15 They recruited 274 co-infected subjects from two centres (Puerto Rico and New York). To assess FPR they stratified patients depending on CD4 counts and HIV VL at biopsy (Figure 2 ). They observed that co-infected subjects with HIV VL < 400 copies/mL had similar FPR to HCV mono-infected subjects (0.122 per year versus 0.128 per year) whereas those with any detectable HIV RNA had more rapid FPR compared with HIV-negative patients (0.151 per year versus 0.128 per year, P = 0.015) and with co-infected subjects with undetectable RNA (0.151 per year versus 0.122 per year, P = 0.013). Similarly FPR was dependent on CD4 count (Figure 2 ). However, in those with CD4 counts > 500 cells/mm 3 HIV VL did not impact fibrosis. Furthermore, in this study HIV VL but not CD4 count was an independent predictor of hepatic fibrosis.
So the conclusions that can be drawn from these two recent studies are that it is not just the presence or absence of HAART that results in attenuated hepatic fibrosis in HIV/HCV co-infected patients. Rather what is more important is when HAART was initiated in relation to HIV acquisition and whether it was successful. This means that patients who received HAART (rather than sequential therapy) as soon as possible after HIV diagnosis (i.e. those whose HIV was diagnosed after 1996) and who showed successful VL suppression were more likely to have slower fibrosis progression compared with those in whom HAART was either delayed or (even if it was initiated appropriately) the therapy was ineffective. Failure of prior studies to stratify patients by nature of HIV therapy and severity of HIV disease might explain the observed lack of benefit of HAART on liver fibrosis.
Only one study has reported accentuated hepatic fibrosis with HAART. Macias et al. 10 observed that nevirapine (median duration 527 days) use was associated with more advanced hepatic fibrosis. However the sample size was small (n = 25), and it was unclear whether those receiving versus those not receiving nevirapine were matched for other determinants that impact hepatic fibrosis. Furthermore, we were unable to corroborate these findings in a subsequent study. 16 
Mechanism/s by which HAART attenuates liver fibrosis in HIV/HCV patients
The mechanism/s underlying slower fibrosis progression with HAART remain contentious. Multiple studies have now shown that a low CD4 count is associated with accelerated hepatic fibrosis in co-infected patients. [8] [9] [10] [11] Immunosuppression may result in changes in intrahepatic cytokine profile, producing a proinflammatory and profibrogenic milieu (due to a predominance of Th2 T cell responses). 22 Animal studies have demonstrated that a predominant Th2 response is associated with accentuated hepatic fibrosis. 23 In addition, individuals with HIV/HCV co-infection have significantly less intrahepatic CD4+ T cell HCV-specific interleukin-10 (IL-10) production compared with HCV monoinfected patients and this cytokine has been shown to have an anti-inflammatory effect. 24 Hepatic NI has been associated with more advanced hepatic fibrosis in both HCV mono-infected and HIV/HCV co-infected populations. 16, 21 At least two recent studies have reported lower necroinflammatory grades after HAART initiation. 14, 16 Therefore it is conceivable that immune reconstitution induced by HAART could result in attenuation of hepatic NI, which in the long-term could slow fibrosis progression. Furthermore, HAART may also lead to better control of HCV replication thereby attenuating hepatic fibrosis. Appealing though this concept is, HAART does not appear to impact HCV RNA levels in co-infected patients. 25 Nonetheless, it does seem paradoxical that immune reconstitution improves rather than worsens liver injury in HCV infection, as in this disease the injury is largely immune mediated via HCV-specific CD4 cells. 26 However immune-mediated injury may be more applicable to immunocompetent patients, and in those with immunosuppression a direct cytopathic effect of HCV may be possible. In HIV/HCV co-infection there is evidence (rarely) of such a cytopathic injury, producing the fatal condition fibrosing cholestatic hepatitis.
27 This is associated with high Finally, HAART may have a direct effect on cytokines involved in hepatic fibrosis. 8 Increased levels of transforming growth factor b1 (TGF-b1) (a pro-collagen cytokine) have been found in patients with HIV 28 and a significant decrease in TGF-b1 splenocyte secretion has been observed in saquinavirtreated mice. 29 
Recommendations
In an ideal situation recommendations should be made on the basis of prospective randomized studies with paired liver biopsies before and after introduction of different antiretroviral drugs, so that the effects of individual therapy on hepatic fibrosis and cytokine profile can be studied. Since in the real world such studies may not only be impractical but also unethical to perform, the recommendations are based on existing current literature. Initiating HAART in HIV/HCV co-infected patients just to attenuate hepatic fibrosis (rather than for immunological benefits) is a tempting proposition though this needs to be weighed against the side effects of therapy, compliance and development of drug resistance. Certainly in those with immunosuppression (CD4+ < 350 cells/mm 3 ) HAART should be a priority, as successful therapy will result in reduction of HIV VL, increased CD4 counts, reduced morbidity from opportunistic infection and overall improvement in mortality. In addition immune restoration could attenuate hepatic fibrosis, reduce liver-related mortality and may improve subsequent response rates to interferon therapy. 6, 7, 15, 16, 30 With the currently available evidence it is unjustifiable to withhold HAART in such a cohort because of concerns related to potential hepatotoxicity. In those at high risk of developing HAART hepatotoxicity (because of older age, excess alcohol consumption, prior elevations of liver enzymes), less hepatotoxic regimens can be considered (lamivudine, tenofovir, atazanavir). In the presence of well-preserved immune function (CD4+ > 500 cells/mm 3 ) it may be preferable to treat the HCV first, if possible (Table 3 ). Since co-infected patients are more likely to develop an abnormal liver panel after HAART initiation compared with those with HIV alone, eradicating HCV may reduce this risk. In a parallel situation, HIV/HCV co-infected subjects treated with antitubercular therapy (ATT) are 14-fold more likely to develop hepatotoxicity than if both viruses are absent, and successful treatment of HCV is associated with a reduced risk of subsequent ATT hepatotoxicity. 34 Finally, for those whose CD4 counts fall in between (350-500 cells/mm 3 ), treatment needs to be individualized depending on which disease is perceived to be more life threatening. In such patients if HCV therapy is unsuccessful or not tolerated, HAART could be considered with an aim to reduce fibrosis progression.
Conclusions
In summary, the effects of HAART on liver fibrosis remain controversial, and the lack of consensus on this important issue underscores the need for better designed prospective studies. Nonetheless, recent available data do suggest that HAART attenuates hepatic fibrosis in HIV/HCV co-infected patients, though the underlying mechanism/s remain speculative. The patients most likely to benefit are those who receive HAART at onset, i.e. those whose HIV was diagnosed after 1996, rather than those who were switched to HAART after initially receiving NRTIs. It is not sufficient just to initiate HAART, it has to be successful and associated with suppression of HIV viraemia (and/or increased CD4 counts?). Thus patient compliance and avoidance of drug resistance is of paramount importance. It seems clear that HAART has reduced liver-related mortality in the co-infected cohort and so the inference must be that it has impacted liver fibrosis first. The long-term hepatic safety profile of some drugs (nevirapine) needs further study, but at present for certain patients the benefits of HAART (both from the HIV and HCV perspective) probably outweigh the potential risks. Nonetheless, in those with well-preserved immune function (CD4+ > 500 cells/mm 3 ) it would be preferable to treat the HCV first. Table 3 . Potential reasons for treating hepatitis C virus (HCV) first in those with HIV/HCV co-infection and well-preserved immune function [31] [32] [33] HCV is regarded as an opportunistic infection in those with HIV HCV may impair immune response to HAART Eliminating HCV may reduce the risk of developing subsequent HAART-induced hepatotoxicity Treating HCV first could reduce additive toxicity (neuropsychiatric, lactic acidosis, anaemia) associated with HAART and interferon/ ribavirin Recent studies have documented the safety and efficacy of pegylated interferon and ribavirin in HIV/HCV co-infected patients In the RIBAVIC study, 33 those with non-1 HCV genotype were less likely to respond to interferon-based therapy if they were concomitantly receiving a PI
